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Advanced Microlithography Group

• Optics expertise applied to develop state-of-the-art 
lithography: Optical design; Alignment; Scattering

• 3 Faculty and 3-5 students per year
• Jose Sasian, Michael Descour, Tom Milster
• Scott Lerner, Mark Willer, Liang Chen, and Neil Beaudry
• SRC (current support)
• EUV LLC (previous support) 
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Optical Design of Condensers

• Uniformity of irradiance at mask (1%)
• Coherence and coherence uniformity: every 

point at mask must be illuminated in the same 
way

• Efficient power collection from the source
• Efficient power transmission (mirror 

reflectivity and number)
• Maximum power capacity (Etendue matching) 
• Packaging
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• Coherence is traditionally evaluated as the pupil fill
• Does not apply to EUVL condensers (clarification)
• Angular ray-spread at mask point is the actual measure of coherence

Condenser Projection camera

Mask
Camera entrance pupil

Source
Wafer

Fig. 1 Basic condenser and projection camera layout:
Kohler illumination

Entrance pupil



Proprietary to The University of Arizona                        Copyright © 1999 The University of Arizona.    An unpublished work.   All rights reserved.

Can have circular pupil fill but inappropriate 
coherence
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Ray angular spread at mask varies

Ray intersections at entrance pupil
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Condenser

Mask Source

Condenser

Pupil

• Rays are traced backwards from a point on the mask to the source in negative 
index.

• The aperture of the source limits and selects the bundle of rays.
• The rays are then traced forward in positive index to the mask illuminating the 

same point.
• The pupil fill is found by tracing the rays to the pupil.
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Maximum power capacity:
Etendue matching

• Etendue: a measure of the capacity of an optical system to transfer power
• ETS system Etendue: area of ring field times pupil subtended solid angle: 

• (1.5 X 25)π (.1)2 =1.2 steradian- mm2

• Etendue of available laser-plasma, quasi-point source: π (.075)2 π= 0.055 steradian- mm2

• Conclusion: the available quasi-point source limits the power that can be transferred and 
potentially the wafer-per-hour throughput

• For higher NA systems the situation becomes worse
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Entendue and coherence: observation

• Coherence involves the angular ray spread (or solid angle) 
across all the mask points

• Entendue is the solid angle times the mask area
• Therefore for uniform and incoherent sources the etendue 

and spatial coherence are equivalent
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To increase power input and coherence
• Quasi-point source 
• Linear source
• Arc-shaped source
• Arrays of quasi-point sources



Proprietary to The University of Arizona                        Copyright © 1999 The University of Arizona.    An unpublished work.   All rights reserved.

Wafer

Mask

Camera

Condenser

Source:
Width: 0.4 mm

NA: 0.26

Illumination at Mask
Illumination at exit pupil

Condenser with Quasi-Point Source

F.T. Pair
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Source:
Width: 0.115 mm

NA: 0.6

Illumination at entrance pupil

Condenser

Camera

Mask

Wafer

- Proper etendu match

- Minimizes number of mirrors
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Condenser with arc-shaped source

Mask

Source
NA: .29

Width: .21mmWafer

• Rotationally symmetric
• Unobstructed

Illumination at entrance pupil



Proprietary to The University of Arizona                        Copyright © 1999 The University of Arizona.    An unpublished work.   All rights reserved.

• Non-rotationally symmetric
• Source off-axis may allow for better packaging

Mask

Wafer

Source
NA: 0.35

Width: 0.17mm
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Coherence effects with an array of quasi-point 
sources

From D. Goodman
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• We have explored the optical design of condensers and developed 
design tools, examples, and understanding

• A major issue to face is the increased power that will be required in the 
next generation of EUVL systems

• With the increase of source etendue there will be a coherence 
improvement

• Condensers designs that can efficiently handle arrays of sources will 
become critical


